UNDOIJBTEDLY the most terrible of all the horrors connected with war which come under the notice of the surgeon is gas gangrene. Dramatic in the suddenness of its onset, the rapidity of its progress, and the repulsiveness of its too frequently fatal outcome, it has reaped a cruel harvest of our young and vigorous manhood. Throughout the laboratories of Europe the bacteriologists are working to unravel this sinister problem. Just as tetanus has practically disappeared, so we may hope that gas gangrene will yield before the knowledge of science. At present so many germs are detected in the infected tissues that it is impossible to attribute the disease to any one microbe in particular. The depth of tissue invasion, the kind of tissue attacked-subcutaneous tissue, muscle or blood-vessel-may prove to be as important factors in determining the benign or fatal outcome as the variety and number of hostile germs. It is now well established that even when the most dangerous organisms are present the patient may run a steady course towards recovery, and hence research is directed to discover the direct and the contributory causes of the two types of gas gangrene-the localized and the massive forms.
*At the Scottish Women's Hospital, Royaumont, France, of the cases admitted between July 1 and mid-September, 1916, no fewer than 304 contained the organisms of gas gangrene, and of these over 100 presented clinical evidences of gas. Royaumont is situated only 25 miles behind the firing line, and cases reached us from six hours to three or four days after being wounded according as they were sent to us direct or detained just behind the line for a few nights' rest. We had received warning that the offensive was to begin at the end of June, and when, on June 25, we heard the great guns thundering by day and by night we knew that our share in the labour entailed by all military success was about to begin, and we held ourselves accordingly in readiness. On July 2 the anticipated rush commenced, and for ten days, with scarcely any intermission, our chauffeuses were on the road; our surgeons, nurses and orderlies remained at their posts for sixteen to twenty-two hours out of the twenty-four.
It was our rule that every wounded man was examined at once on admission by one of the surgeons, and a specimen was at the same time sent to the bacteriological laboratory. Cases with clinical signs obviously demanding immediate surgical intervention were taken to the X-ray room and operation theatre with as little delay as possible. Cases which did not present any clinical evidence of gas, but whose wounds were reported to contain ana6robic infection were operated upon, other things being equal, in precedence to cases with simple septic organisms. By the autumn two outstanding facts were clear, that cases with gas infection who arrived within twenty-four hours of being wounded were usually saved, and that those who had been detained on the journey for three days were usually lost unless amputation could remove the infected area.
By the end of July I had definitely concluded that the X-ray plate was of great value to the surgeon, both in revealing the presence of gas and its extent and situation. But, unfortunately, it was not until September that I learned that the radiologist could also yield valuable aid, especially in the absence of a bacteriologist, by reporting in many cases the variety of gas infection. The surgeon can rely on the positive finding of the radiologist in much the same way that the physician can rely on the bacteriologist when diphtheria is found in a suspicious throat. The causes of failure to obtain good plates from over or underexposure, or from over and under-development, are so numerous that no reliance can be placed on a negative skiagram which is contrary to clinical evidence. When a skiagrain reveals the presence of gas there are but few fallacies (readily eliminated) and the surgeon can gauge the extent, the depth, and also I believe, in most cases, the variety of ana6robe at work. I gratefully acknowledge that I owe the recognition of the possibility of forming the opinion as to the variety of invading germ to Dr. Pech, that enthusiastic and original radiologist who was in charge of the X-ray department of the Military Hospital at Creil. He showed me a large number of remarkable plates with a fine striation which demarcated the individual muscles, so that they resemiibled a sketch made in black and white. He had found that such an appearance was always associated with the Vibrion septique, and that the outlook for the patient was of the gloomiest. In all the cases at Royaumont I could only find two with the same fine striation. Both died within twentyfour hours, but the Vibrion septique was found in only one of these. As Dr. Pech's X-ray room is situated close to the evacuation station, probably he received many more of the men taken from the train, who were too ill to travel even the few miles in an ambulance to our hospital. Dr. Pech is shortly to publish his careful and unusual observations in the French journal of radiology.
As soon as I had seen these plates at Creil I made an analysis of the plates at Royaumont, noting the X-ray appearance, the bacteriological report and the surgical finding.
Of 100 plates taken there were sixty-seven on which I base this report. Some had been lost, some broken, others were too thin (from under-development and hard tubes) to vield information adequate to form an opinion. Others were in such situations as the trunk and the hand; in the former the density of the part, in the latter the amount of bone present, concealed the gas outline in these particular cases in such a way that one could not give any reliable information. Three totally distinct appearances were observed in the plates which' gave positive evidence of gas, and with few exceptions these corresponded to three distinct forms of infection. Whether this is always true future observations can alone decide. The first two appearances were common, the third rare.
(1) Simple swelling, with a pale misty outline which sometimes fades a little in indefinite areas in much the same way that a white fog looks thin in some parts of a landscape. The degree of the swelling gives some evidence of the amount of infection present. This form is found when Bacillus perfringens is the chief organism, and is probably due to the cedema which is usually associated with perfringens.1 A woman with cedema of one side of her arm showed just the same pale, misty hue in the situation where clinical evidence of cedema existed.
(2) Swelling, and in addition there is a cloud-like outline, an appearance as if the flesh were replaced by dark woolly clouds. This aspect is due to infiltration of the tissues by the gas. In some cases there are seen rounded or oval-shaped dark outlines, where the gas is sharply demarcated. The diffuse cloudiness is the more common variety by far. For a long time, when a group of gas bubbles about the size of a three-' Of course it is understood that in most cases there is a multiple infection present, and that septic organisms probably play an important part in promoting the progress of a gas infection. penny piece occurred in close proximity, I believed the picture was due to a plate flaw. The diffuse cloudiness was in the great majority of cases associated with pewfringens and sporo genes together. In gas bubbles frequently perfringens is the only anaerobe.
(3) Striation.-This third appearance was exceedingly rare. There were two types-coarse and fine. The fine striation occurred in only two of our cases, but Dr. Pech has a large collection of plates illustrating this rare condition. The dark lines of gas infiltration map out the individual muscle fibres in such a definite manner that the plate resembles a drawing of the muscles of a linmb.
The coarse striation was also rare. It was associated with considerable swelling, whereas the fine striation cases were not so swollen at the time of the skiagram as their serious clinical condition would have led one to expect. The coarse striation occurred in limited areas, the lines of division were straight and always were seen in a longitudinal direction. The intensity of the infective process seemed to cause dissociation of groups of nmuscle fibres in an area which was usually about 2 in. long, but I show prints of cases which present the striation along the greater part of the limb (figs. 5 and 6).
In one of the cases of fine striation, fully detailed below, the Vibrion septique and Bacilluts peifringens were found in the depth of the muscles and in the blood. In the other Bacilluts histolyticus and Bacillus fallax were the uncoinmon germs present. Both cases were fatal. In the cases with coarse striation Bacillus a?dernatiens and Bacillus Hibler IX were the most frequently occurring organisms. Perfrinigens, of course, was present in every case.
Fallacies to be avoided: (1) Actual loss of tissue, which is frequent with the extensive wounds of present-day warfare, causes a dark irregularly outlined aspect which may mislead the radiologist who has not seen the wound, but cannot possibly mnislead the surgeon.
(2) I have seen an extensive ecchymosis give the swollen, misty and fading away appearance exactly resembling the common cedematous peifringens infection. I have not seen enough cases of ecchymosis to be in a position to state whether it can be distinguished from the peifringens invasion, but there could not be any clinical difficulty in the differential diagnosis. (3) I believe abscesses may simulate gas bubbles. As perfringens is so all-prevalent in military surgery to-day it is difficult to say whether in these abscesses some gas was not present. In any case the indications for the surgeon are similar in both cases.
Perhaps when speaking of fallacies it is well here to emiphasize the fact that no reliance must be placed on negative plates. Two cases occurred which forcibly impressed this truth on my mind. Both men had been wounded in the region of the hip, and the skiagrams revealed nothing abnormal in the dense area of flesh in the neighbourhood of the joint. Both developed gas a few days later and died. On the other hand it is only fair to say that two plates without abnormality, plates of patients who afterwards developed gas, were taken about a week before death. In most of the fatal cases the positive skiagramus had been taken within two to four days of deatb. The negative skiagram-s, therefore, may have been negative because at the date they were taken only gas infection, without gas formation or gangrene, was present.
PROGNOSIS AND BACTERIOLOGICAL ANALYSIS.
These paragraphs must only be regarded as a tentative contribution to a very complicated subject. So many points have to be taken into consideration with each individual that the province of the radiologist is only one of the factors which have to be duly weighed by the surgeon. In brief, the first type, that with simple swelling, is usually the most favourable for recovery provided correct surgery is resorted to immediately. Except where the swelling was very extensive-as for example, along an entire forearm or leg-the course after free incisions and adequate after-care was in most cases uneventful. Where the general condition is not good on admission, owing to lack of resistance to the toxin, the surgeon watches the case, on the alert to amputate if need be.
Of twenty-six plates showing only simnple swelling perfringens was the only ana6robe present in twenty-five cases; sporogenes accomlpanied it in one.
Where the second type is present, with swelling and cloudy tracing, the course towards recovery nmay be steady after free incisions have been made. Where the cloudiness indicates deep-seated gas, unrecognizable clinically, the outlook is exceedingly serious, and when in such a situation that amputation or other operative mieasures cannot reach the infection to stem its advance, death ensues.
Of twenty-four plates showing both swelling and cloudy tracing, peifringens was the sole ana6robe in three cases; pejfrin?genis and sporogenes were associated in twenty-one cases; and in four the dangerous organisms, such as usually caused some degree of striation, Section of Electro-Thterapeutics were detected, Bacilluts aedemiatien?s in three, and Bacilluts htistolyticus in one. When striation is present, fine or coarse, in my limited experience the prognosis is very bad. Our two cases with fine striation died with rapid massive gangrene. Of fifteen with coarse striation six died in spite of amputation and every care; six required amputation; three had extensive rel-moval of gangrenous muscle. In those three and in one requiring amputation ( fig. 6 ) no other anaerobes than pe?fringens and sporogenes were found. In the other cases with striation dangerous ana6robes such as the Vibrion septique, Bacilluts cedenmatiens and Bacilltus Hibler IX were present. NOTES OF CASES WITH FIGURES. Fig. 1 is an example of a simple perfrinyens infection. The skiagram was taken the day after the wound. It shows the considerable degree of swelling and the pale misty appearance which is probably due to the yellow cedema so usually associated xvithl pefrinqens. The pale aspect of these plates often resembles the skiagram produced by a hard tube. Where the swollen area is not too extensive, free incisions, without amputation, bring about cure, as in this case. Fig. 2 is typical of many cases with a mixed peifrinqens and sporoyenes infection. It was taken on admission the day after being wounded. The swollen muscles protruded from the foul wounds, and the general condition was serious. The torn gangrenous muscle was cut away and free incisions were made from elbow to wrist on both flexor and extensor aspect. Two and a half months later, assisted b)y galvanism after the wounds had healed, there was practically perfect movement of the arm. In this print the swelling and cloudy tracery are typical of the double infection. In such cases the prognosis was good when admitted before a general poisoning of the system had taken place, and when the local gas was not too deep-seated. Fig. 3 shows the same infection, but deep-seated, as far as the bone, extensive, gas being diffused along the entire leg. The appearance is characteristic of the double infection. There was crepitant swelling and yellow oedema and gangrenous muscle. In spite of amputation the gas spread upwards. Reamputation high up in the thigh could not arrest its progress and death followed. A skiagram taken of the amputated thigh muscles showed no striation present. Fig. 4 is characteristic of the fine striation which I believe heralds the most serious condition. A. S., a Senegalese lad, aged 20, was admitted witlh a temperature of 1000 F., and a running pulse of 126. He had been wounded three days previously in the right leg, and at the field hospital the shattered fragments of the right fibula had been removed the day after the wound. On arrival at Royaumont the leg was somewhat swollen and cold and the general condition aroused anxiety. Within two hours the leg was amputated high up in the thigh. The muscles in the position did not appear unhealthy. Professor Weinberg happened to be at Royaumont that day, and four hours after Recovery with complete use of arm in two and a half months. the temperature and pulse began to rise. About six o'clock he seemed delirious, sat up in bed talking, then fell back in a syncope from which no stimulant nor even the intravenous saline could rouse him. Before seven he was dead.
Then it was noted that the stump had swollen to thrice its size, and early the Cloudy tracing showing deep-seated and extensive gas infiltration. Extended upwards in spite of amputation; death ten days later. Clinically: crepitant, brawny swelling; yellow cedema and dark red gangrenous muscle. next morning it was almost impossible to place the distended body into a coffin. Both in the muscles of the amputated leg and the swollen stump after deaUth and also in the blood, there were found rperfriingens and the lethal Vibrion septiqite. Examination of the limb showed that the gangrenous muscle corresponded to the area of striation seen in the skiagram, and where the normal shadow is seen the muscle was not much affected. FIG. 6. Coarse striation. Skiagram two days after wound. (Artery injured and red degenerated muscle.) On third day arm blue, cold and swollen. Amputation saved life. Fig. 6 is an example of a case in which the skiagram revealed serious trouble about thirty hours before the clinical signs became severe. The man had not much swelling of the forearm on admission. The wound was opened up freely and the foreign body removed. The artery wvas discovered to be injured and was ligatured. I was at that time (early in July) unaware of the importance of a skiagram showing striation, and therefore no account of it was taken. A day and a half later the forearm was found to be cold and discoloured and greatly swollen. Amputation was performed immediately.
The bacteriology of 1)oth these cases was simpler than in the majority of cases with striation. In the first there were found only perfringens and sporeogenes. Yet the skiagram has none of the cloudy tracing which was so commonly found with these organisms (cp. fig. 3 ). In fig. 6 perfringens and streptococci were found. Possibly the injury to the artery had something to do with this unusual form of gas permeation in a condition showing perfringenis and streptococci alone.
Another case may here be cited to prove the prophetic value of the skiagram. The patient arrived on a Saturday evening, and the plate taken on admission revealed a cloudy tracery over almost the whole area of the thigh which was visible on a 12 in. by 10 in. plate. In one corner there was slight but unmistakable coarse striation. Now the wounid was three days old but apparently superficial. A piece of shell had glanced across the anterior surface of the thigh, tearing away a portion of skin. I did not then realize the importance of the skiagram, but when two days later I showed it to Dr. Pech he gave a gloomy prognosis. On the evening of admission the wound had been freely opened and pieces of gangrenous muscle had been removed, the discovery of which had put the surgeon on the alert lest danger should ensue. For two days all apparently went well. Then the whole thigh swelled up. A circular amputation was performed but the patient died next day with gas extending up the trunk. The bacteriological report mentioned perfringens, ssporoyenes, and cedematiens. Had we realized that the skiagrain revealed deep-seated gas far from the site of the wound, stringent measures on admission might have saved life.
